In 2014, a leading hospital accreditation agency, mandated hospitals publicly report their exclusive breastfeeding (EBF) rates. This new regulation provided an opportunity to explore differences in EBF outcomes using a standardized definition across a large hospital sample in the United States. The purpose of this study was to examine the relationships between population demographics and the Baby-friendly (BF) hospital designation on EBF rates in hospitals throughout the United States. We obtained EBF rates from 121 BF hospitals and 1,608 hospitals without the BF designation. Demographic variables were computed using census tract data for the population surrounding each hospital. Relationships were explored using linear regression. We found that EBF rates were positively correlated with a bachelor's degree, log income, and those who identified as White or Asian and negatively correlated with those without college attendance, individuals living below the poverty line, and those who identified as African American or Hispanic. For all models, the BF designation of a hospital was associated with higher EBF rates (p < 0.01; effect sizes, 0.11-0.49) with the exception of the model containing log income. Using a multiple linear regression model that was allowed to contain more than one independent variable, we were able to explain 22% of the variability in EBF rates. The BF hospital designation was associated with significantly higher EBF rates independent of demographic variables. Support for hospitals to attain the BF hospital designation is a meaningful public health goal.
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| INTRODUCTION
Suboptimal breastfeeding is associated with significant morbidity and mortality for both mothers and infants, making it a serious public health issue (Bartick et al., 2016; Chowdhury et al., 2015; Ip et al., 2007; Vennemann et al., 2009) . While breastfeeding overall is beneficial, exclusive breastfeeding (EBF) has been associated with a greater level of protection (Chantry, Howard, & Auinger, 2006; Ip et al., 2007; Kramer et al., 2001; Quigley, Kelly, & Sacker, 2007; Vennemann et al., 2009) . EBF is associated with increased duration of any breastfeeding, (Brownell et al., 2015) and studies have shown a dose-response relationship between the duration of breastfeeding and a reduction in risk for infant morbidity and mortality (Chantry et al., 2006; Merten, Dratva, & Ackermann-Liebrich, 2005; Sankar et al., 2015; Victora et al., 2016) . Therefore, EBF is a valuable public health indicator (American Academy of Pediatrics, 2012; Brownell et al., 2015) . EBF rates in the United States (US) continue to fall below Healthy People 2020 goals, with a disparity in EBF rates between groups that varies by factors such as race/ethnicity, age of The BF hospital initiative is a set of 10 maternity practices that when used together improve breastfeeding outcomes (Declercq, Labbok, Sakala, & O'Hara, 2009; DiGirolamo, Grummer-Strawn, & Fein, 2008; Perrine, Scanlon, Li, Odom, & Grummer-Strawn, 2012; Rosenberg, Stull, Adler, Kasehagen, & Crivelli-Kovach, 2008) . Studies have shown that the proportion of EBF infants (Merten et al., 2005) and the duration of EBF are higher when mothers are exposed to BF hospital practices (Braun et al., 2003; DiGirolamo et al., 2008; Segura-Perez, 2016) .
In 2014, the Joint Commission, a leading hospital accreditation agency in the US, required hospitals with ≥1,100 births to publically report their EBF rates (The Joint Commission, 2013) . This new regulation, which generated data on EBF rates using a standardized definition, provided an opportunity to explore differences in EBF outcomes in a large nationwide sample of hospitals accredited by the Joint Commission. The Joint Commission defined EBF as "a newborn receiving only breast milk and no other liquids or solids except for drops or syrups consisting of vitamins, minerals, or medicines" (The Joint Commission, 2014 , 2015b . To validate hospitals EBF rates, the Joint Commission requires documentation that newborns were exclusively fed breast milk during the entire hospitalization (The Joint Commission, 2014 , 2015b Legislatures, 2017) . The purpose of this study was to examine the relationships between several variables including population demographics, such as poverty and race, and the BF hospital designation and EBF outcomes in hospitals in the US. We were also interested in exploring how well we could predict EBF rates with the use of a model containing a collection of demographic variables.
| METHODS
The data for this study were obtained from three sources: (a) the Joint Commission (2016) In 2014, the Joint Commission began requiring hospitals they certify, which have 1,100 births or more per year, to report their EBF rates.
These publically available data are reported as an aggregated "Exclu- and those who never attended college (proportion without college attendance). The log income was calculated as log 10 of the median household income.
Hospitals that were designated a BF hospital as of April 1, 2014, were identified through Baby Friendly USA (2015). There were 172 BF hospitals on April 1, 2014; of these, 121 hospitals were matched by address to the Joint Commission data set. All variables were continuous with the exception of the BF hospital designation, which was dichotomous. Within the data set, there were two hospitals with some missing data. The first hospital was a military hospital situated in an area that excludes housing, so there was no demographic information. The second hospital did not have poverty or income information, which is consistent with the fact that it is located in a large academic community. These hospitals were omitted from any analyses that included variables for which they had no data. This study was certified as not human subjects research and therefore did not require oversight by the Institutional Review Board.
Key messages
• All infants and mothers should have access to a hospital environment of care that is associated with better breastfeeding outcomes.
• Many factors contribute to the complex nature of breastfeeding decisions, however, maternity practices experienced in the hospital are associated with differences in EBF rates.
• Disparities exist with EBF rates; however, EBF rates were higher across all population demographics studied in hospitals that were BF.
• While population demographics and the BF hospital designation are important predictors of EBF rates, inclusion of other maternity practices not represented by these variables may improve our ability to positively influence EBF outcomes in the hospital.
| Statistical Analysis
Data analysis was performed with the R statistical package (version 3.1.1), using RStudio software (version 0.99.902) as an interface (R Core Team, 2013) . Separate multiple linear regression models were fit. EBF was the dependent variable for all models. Each model contained one of the demographic independent variables (race/ethnicity, education, and income) together with BF designation, as well as the interaction between the two. This was done to determine whether BF hospital designation affected relationships between the independent and dependent variables. Subsequently, an exhaustive approach was used to create a multiple linear regression model that was allowed to contain more than one independent variable, with the model selected using adjusted R 2 as the criterion. Variance inflation factors indicated possible multicollinearity between some of the independent variables. Therefore, a model was chosen that had the highest adjusted R 2 while maintaining low variance inflation factors. All models were checked graphically for adherence to the assumptions of linear regression.
Normality of the residuals was checked using normal Q-Q plots,
and constant variance and model fit using residuals versus fitted values plots.
3 | RESULTS Figure 1 summarizes the BF hospital effect on EBF rates across the entire sample of hospitals. EBF rates were significantly higher for hospitals with the BF designation (62%) as compared with those without the BF hospital designation (48%) Welch's t test: T 146 = −9.1, p < 0.001.
In Table 1 , Models 1 through 8 summarize information about the variables that were examined using separate linear regression models for each demographic variable. Education, income, and proportion of the population of White or Asian were all positively correlated with EBF rates. All were significant (p < 0.001) with the exception of the proportion of the population that identifies as Asian (p = 0.60). The proportion of the population that identified as African American or Hispanic, the proportion without college attendance, and the proportion of the population living below the poverty line were negatively associated with EBF rates (all p < 0.001). For all models, the BF hospital designation was associated with higher EBF rates (p < 0.01; effect sizes 0.11-0.49) with the exception of the model containing log income.
Subset analysis excluding data from California hospitals showed approximately the same results (results not shown), so the full data set was used for all modelling.
Model 9 summarizes the variables in the multiple linear regression model that had the best adjusted R 2 , which were BF hospital, proportion without college attendance, the proportion Hispanic, proportion
African American, and proportion Asian. In this model, EBF rates were higher for hospitals with BF designation (p < 0.001). The proportion of the population without college attendance, the proportion of Hispanic, the proportion of African American, and the proportion of Asian were all negatively associated with EBF rates (all p < 0.001 except proportion of Asian p < 0.01). The model was able to explain 22% of the variability in EBF rates.
| DISCUSSION
To our knowledge, this is the first study to evaluate EBF rates using a standardized definition across hospitals nationwide. This study found most demographic variables included in our analysis were correlated with EBF rates, and EBF rates were significantly higher in hospitals that With the use of census data as a proxy for the population served by the hospital, we were still able to explain 22% of the variability in EBF in the multiple linear regression model. The multiple regression model that was allowed to contain more than one demographic variable did a better job of explaining the variability in EBF rates than any model containing a single demographic variable plus BF hospital designation. This showed that variables were explaining different aspects of the EBF rates and underscores that many factors are involved in the complex nature of breastfeeding decisions. For the purposes of this study, we were only (Perrine et al., 2012) . Research that expands upon this dose-response relationship, using other maternity practices outside of the 10 steps to BF, may be informative for hospitals that are looking for additional ways to positively influence EBF rates.
| CONCLUSION
We observed a mean difference in EBF rates between hospitals with the BF designation versus without the BF designation. Those with the BF hospital designation had higher EBF rates. Higher EBF rates shown across the demographic variables of race/ethnicity, income, and education offer a broad public health benefit. This study supports the use of hospitals achieving the BF designation to help move EBF 
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